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[57] ABSTRACT 

A circuit for efSciently performing shadow logic testing and 
memory block testing within a semiconductor integrated 
circuit. The integrated circuit includes a memory block for 
storing data. A shadow logic circuit is coupled to the 
memory block for interfacing the memory block with exter- 
nal circuitry. The shadow logic provides inputs to the 
memory block and receives data outputs from the memory 
block. A test collar is coupled" between the memory block 
and the shadow lo^ ic. The test collar receives the data inputs 
from the shadow logic and receives the data outputs from the 
memory block. The test collar is configured to both provide 
t est inputs to the shadow logic and capture test outputs from 
the shadow logic independent of the memory block. The test 
collar is also adapted to both provide tests inputs to the 
memory block and capture test outputs from the memory 
block independent of the shadow logic. Thus, the built in test 
circuit of the present invention is able to perform precise 
isolated testing on the memory block and perform precise 
isolated testing on the shadow logic. 

24 Claims, 6 Drawing Sheets 
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CIRCUIT FOR EFFICIENTLY TESTING 
MEMORY AND SHADOW LOGIC OF A 
SEMICONDUCTOR INTEGRATED CIRCUIT 

HELD OF THE INVENTION 

The field of the present invention pertains to built in self 
testing of memory integrated circuits. More particularly, the 
present invention pertains to a method and system for an 
ef&cient built in test of an integrated circuit which includes 
memory. 

BACKGROUND OF THE INVENTION 

Computer systems, software applications, and the devices 
and processes built around them are continually growing in 
power and complexity. Society's reliance on such systems is 
likewise increasing, making it critical that the systems obey 
the properties their designers intended. Typically, the more 
powerfdl and complex the system, the greater its utility and 
usefulness. However, as these computer and software imple> 
mented systems and processes become more powerful, 
detecting and correcting flaws within the systems becomes 
increasingly diflBcult. 

As integrated circuits, and particularly memory integrated 
circuits, have become more complex and more dense, they 
have become progressively harder to test in order to ensure 
correct and complete functionality. For example, with cur- 
rent technology, as memory size increases, the time which a 
memory integrated circuit (e.g., DRAM) emerging from a 
fabrication process line spends in testing increases as well. 
This increase incurs an additional cost on DRAM manufac- 
turing. The testing cost can be very significant for the latest 
and largest memories. In addition, as more complex 
systems-on-a-chip devices proliferate, which integrate 
DRAM with other functions onto a single chip, and as newly 
designed processors begin to take advantage of the ability to 
integrate large quantities of memory on-chip, it has become 
necessary to incorporate elaborate testing circuitry directly 
into these devices in order to adequately test them. 

The incorporated testing circuitry is adapted to test two 
general areas of the integrated circuit, the memory elements, 
and the logic/processing elements. For example, in the case 
of integrated circuits which incorporate both memory and 
logic, there are usually two main areas which need to be 
tested, the memory block and the shadow logic surrounding 
the memory block. 

The memory block is the circuit structure which stores the 
actual data, while the shadow logic is the surrounding gates 
and logic elements needed to interface the memory block 
with other external circuits. In order to adequately test the 
DRAM, both areas (e.g., the shadow logic and the memory 
block) need to be tested. However, in a typical prior art 
DRAM, the shadow logic is very hard to test independently 
with respect to the memory block. 

In the prior art, the shadow logic (e.g., the logic gates 
surrounding the memory block) are particularly hard, if not 
impossible, to precisely test. The shadow logic is hard to test 
in isolation from the memory block in an efficient manner. 
Hence, the challenge presented by modem DRAM inte- 
grated circuits is that it is difficult to perform an isolated test 
on the DRAM memory block and an isolated test on the 
shadow logic. In accordance with the prior art, a built-in test 
circuit typically tests the memory block and ignores the 
shadow logic. 

In the case of integrated circuits incorporating both 
memory and logic ftinctions, where there is often no direct 
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connection between external pins and the integrated 
memory, external testing using external devices can be even 
more difficult and even more imprecise. Direct access to the 
embedded memory may not exist. Consequently, to ensure 

5 the bits of the memory block are tested adequately, lengthy 
"test vectors" are required. Because of this, these types of 
integrated circuits are even more difficult to properly test. 

Thus, what is needed is a method for testing the shadow 
logic without incuning a large silicon area penahy. What is 

10 needed is a system which allows an isolated test on the 
shadow logic and also allows an isolated test on the DRAM. 
What is ftirther needed is a system to allow isolated testing 
without incurring excessive silicon area penalties. The 
present invention provides a novel solution to the above 

15 requirements. 

SUMMARY OF THE INVENTION 

The present invention provides a circuit for testing both 
the shadow logic and the memory of a semiconductor 

20 integrated circuit without incurring a large silicon area 
penalty. The circuit of the present invention provides the 
ability to perform isolated testing on the shadow logic and 
performs isolated testing on the memory. In addition, the 
circuit of the present invention efficiently provides these 

25 capabilities without incurring excessive silicon area penal- 
ties. 

In one embodiment, the present invention comprises a 
circuit for efficiently performing shadow logic testing and 
memory block testing within a semiconductor integrated 

30 circuit. The integrated circuit includes a memory block for 
storing data. A shadow logic circuit is coupled to the 
memory block for interfacing the memory block with exter- 
nal circuitry. The shadow logic provides inputs to the 
memory block and receives data outputs from the memory 

35 block. ^ test collar is counled between the memory block 
and the shadow logic. The test collar receives the data inputs 
from the shadow logic and receives the data outputs from the 
memory block. The test collar is confipgireH tn h^ fh) prnvirift 
test inputs to the shadow logic and capture test outputs from 

40 the shadow logic independe nt of the memory block. In a 
smailar manner, the test collar lsfasg)configured to both 
provide tests inputs to the meDn| ^fv*h1nck and capture test 
outputs from the memo ry block ind encndenLpf .t^e shadow 
pgic. ' i kus, the built in test circuit of the present invention 

45 IS able to perform precise isolated testing on the memory 
block and perform precise isolated testing on the shadow 
logic. 

The components of the test collar of the present invention 
are multifunctional in that they function during both shadow 

50 logic testing mode and memory block testing mode. In so 
doing, the total gate coimt of the integrated circuit is reduced 
and silicon area is conserved. Additionally, the test collar of 
the present invention provides accessibility to both the 
memory and the shadow logic even though they may both be 

55 deeply embedded within the integrated circuit with no direct 
access to the input-output pins of the integrated circuit. This 
advantage is useful in the case of an integrated circuit where 
one or more memoiy blocks are ^mbe^de^ with other logic 
systems, as in, for example, a single-chip computer system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example 
and not by way of limitation, in the figures of the accom- 
panying drawings and in which like reference numerals refer 
65 to similar elements and in which: 

FIG. 1 shows a general diagram of a test collar in 
accordance with one embodiment of the present invention in 
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relation to a memory block and an input shadow circuit and block 120 with external circuits. In the latest DRAM inte- 

an output shadow circuit. grated circuits, for example, the structure of system 100 is 

FIG. 2 shows a block diagram of several main compo- repHcated many times over, with each memory block and its 

nents of the test collar of the present invention. associated shadow logic storing a certain amount of data, to 

-iu j.'ijj- c 5 provide an aggregate Storage capacity of a gigabit or more. 

FIG. 3 shows a more detailed diagram of the test collar of ^ iia- i ju. • * u j im a 

_ , . ^. . . - Test collar 110 is coupled between mput shadow 101 and 

the present mvention as shown in FIG. 1. ^^a *u ui i -t^n t * n 

output shadow 102 and the memory block 120. Test collar 

FIG. 4A shows a flowchart of the steps of a memory BIST no functions by providing accessibility and observabilty to 

process in accordance with one embodiment of the present the inputs and outputs of memory block 120. Test collar 110 

invention. is used to implement built in test (BIST) functionality for the 

FIG. 4B shows a flowchart of the steps of an input shadow memory block 120. 

test process in accordance with one embodiment of the FIG. 1 also depicts scan chains 180^, 180A», 180c, and 

present invention. ISOd. As used herein, a scan chain is a set of data storage 

FIG. 4C shows flowchart of the steps of an output shadow agisters which for test mode are configured as a serial shift 

test process in accordance with one embodiment of the 15 [T^^l'J'l' ^''^""^ ^'^'^^^^ ^ ^''^^ ^^^^"^ 

present invention ' 180a-18Urf function by scanmng test vectors mto and out of 

system 100. As shown in FIG. 1, scan chains 180a and 1806 

DETAILED DESCRIPTION OF THE function by scanning test vector data into and out of input 

INVENTION shadow 101 and output shadow 102. Scan chains 1806 and 

180c function by scanning test vector data into and out of 

Reference wiU now be made in detail to the preferred data registers inside test collar 110. In a typical 

embodiments of the invention, examples of which are illus- implementation, scan chains 180a-180rf are linked to form 

trated in the accompanying drawings. While the invention a single serial scan chain which scans test vectors into and 

will be described in conjunction with the preferred out of the integrated circuit which includes system 100. 

embodiments, it will be understood that they are not jest coUar 110, in accordance with the present invention, 

mtended to limit the invenUon to these embodiments. On the functions by allowing the detection and observation of errors 

contrary, the mvention is mtended to cover alternatives, within memory block 120 independent of the circuitry of the 

modifications and equivalents, which may be included shadow logic. Test collar 110 allows the observation of 

within the spirit and scope of the invention as defined by the errors within the memory cells of memory block 120 with- 

appended claims. Furthermore, in the foUowing detailed requiring the observation to occur through either input 

description of the present mvention, numerous specific shadow 101 or the output shadow 102. In contrast to the 

details are set forth in order to provide a thorough under- ^^or art, test coUar 110 provides for the testing of memory 

standing of the present invention. However, it will be block 120 and the testing of shadow logic (e.g., input 

obvious to one of ordinary skill m the art that the present shadow 101 and output shadow 102) independent of one 

invention may be practiced without these specific details. In another 

other instances, well-known methods, procedures For example, totest input shadow 101, test data is scanned 

components, and circuits have not been described in detail ^ 3badow 101 via scan chain 180a, propagated 

as not unnecessarily to obscure aspects of the present (b^ough the circuits of input shadow 101 and into test collar 

invention. j^jq^ where it is captured, and then scanned out of test collar 

The present invention provides a circuit for testing both lOl via scan chain ISHb. To lest output shadow 102, test data 

the shadow logic and the memory of a semiconductor is scanned into test collar 110 via scan chain 180c, propa- 

integrated circuit without incurring a large silicon area gated through the circuits of output shadow 102 where it is 

penalty. The circuit of the present invention provides the captured and scanned out via scan chain 180<f. To test 

ability to perform isolated testing on the shadow logic and memory block 120, test data is scanned into test collar 110 

performs isolated testing on the memory. In addition, the via scan chain 1806, applied to memory block 120, subse- 

circuit of the present invention efficiently provides these quently captured by test collar 110, and then scanned out via 

capabilities without incurring excessive silicon area penal- scan chain 180c. In this manner, test collar 110 of the present 

invention provides for isolated testing of input shadow 101 

Referring now to FIG. 1, a diagram of a system 100 in and output shadow 102 with respect to memory block 120. 

accordance with one embodiment of the present invention is 50 In the prior art, a prior art test collar is used to test memory, 

shown. System 100 includes an input shadow logic 101, an however, the shadow logic is usually ignored, 

output shadow logic 102, a test collar 110, and a memory To conserve space and maximize efficiency, the system of 

block 120. Input shadow logic 101, hereafter referred to the present invention uses much of the same logic elements 

input shadow 101, is coupled to memory block 120 via test and circuitry of test collar 110 to test both the memory block 

collar 110. Similarly, output shadow logic 102, hereafter 55 120 and the shadow logic (e.g., input shadow 101 and output 

referred to as output shadow 102, is coupled to memory shadow 102). This same test collar can be used to observe 

block 120 via test collar 110. faults in the shadow logic and stimulate the shadow logic. 

Input shadow 101 and output shadow 102 function by This conserves silicon area and helps reduce the aggregate 

interfacing memory block 120 with other circuits (not number of gates of the integrated circuit. This contrasts with 

shown) within the same integrated circuit. Data from an 60 the prior art, where no isolated testing was possible, or 

external device is received by input shadow 101, where it is alternatively, numerous additional registers were added to 

prepared (e.g., translated into the proper format, buffered, or each input-output pin. 

the like) for storage into memory block 120. Memory block Referring now to FIG. 2, a block diagram showing four 

120 is typically comprised of an array of storage cells, general functions of test collar 110 are shown. As shown in 

organized to be accessible via column and row addresses. 65 FIG. 2, test collar 110 includes a data input interface 201, an 

Memory block 120 stores the actual data itself. Output address interface 202, a control interface 203, and a data 

shadow 102 retrieves and interfaces the data from memory output interface 204. 
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During Donnal Operation of memory block 120, data input During the testing of input shadow 101, test data is 

interface 201 functions by interfacing the data from input applied to input shadow 101 via scan chain 180a. This test 

shadow 101 (shown in FIG. 1) to memory block 120. Data data propagates through input shadow 101 and is transmitted 

output interface 204 functions by inteifacing data from to data input interface 201 and address interface 202 and 

memory block 120 to output shadow 102 (shown in FIG. 1). 5 control interface 203 as normal Din and norm ADDRin and 

Address interface 202 receives memory addresses from Normal control in respectively. Multiplexer 302 of data 

input shadow 101 and generates the proper addresses for input interface 201 couples normal Din from input shadow 

memory block 120. Control interface receives control sig- 101 to data comparator 307. Normal Din is received by data 

nals from input shadow 101 which indicate, for example, comparator 307 via a bypass line 210 and is captured by 

whether the pending operation is a read or write. storage elements (e.g., latches or flip-flops) included within 

During testing of memory block 120, data input interface data comparator 307. The captured data is then scaimed out 

201 sends test data to memory block 120 and the resulting from data comparator 307 via scan chain 180c. Multiplexer 

data is read from memory block 120 and captured by data 304 of address interface 202 couples norm ADDRin from 

output interface 204. Address interface 202 generates test input shadow 101 to address generator 303, where it is 

addresses and control interface 203 generates test control ^ ^ captured. The captured data is then scanned out from address 

signals for memory block 120. generator 303 and control signal generator 306 via scan 

In accordance with the present invention, during testing of chain 1806. 

input shadow 101 and output shadow 102, a direct connec- During, the testing of output shadow 102, a test vector is 

lion between data input interface 201 and data output scanned into registers within data comparator 307 of data 

interface 204 allows greater efficiency in the circuit imple- 20 o^^P^^ interface 204. This test vector is output from data 

mentation. The components of test collar 110 are shown in comparator 307 to output shadow 102 via multiplexer 308. 

greater detail in FIG. 3 below. This test vector provides an isolated predefined stimulus to 

Referring tc j FIG. 3 J system 100 is shown in greater detail. output shadow 102. The test data then propagates through 

FIG. 3 shows the internal components ofdata input interface output shadow 102 and is subsequently captured by and 

201, address input interface 202, control interface 203, and 25 scanned out via scan chain ISOt/. This test data is analyzed 

data output interface 204. As described above, input shadow with respect to the test vector in order to determine whether 

101 is coupled to data input interface 201, address input output shadow 102 passes the test, 

interface 202, and control interface 203. Output shadow 102 Referring still to FIG. 3, as described above, it should be 

is coupled to data output interface 204. The operation of appreciated that scan chains 18(kz-180c/,are typically part of 

system 100 during normal operations, the testing of memory 30 a single serial scan^hain linking numerous testing registers, 

block 120, and the testing of input shadow 101 and output including registers within data comparator 3<^7 and address 

shadow 102 are described below. generator 303, together. The serial scan chain provides the 

During normal operation of system 100, data input inter- means for inserting and extractiifg test vectors and other 

face 201 functions by interfacing the data from input shadow information into and out of the integrated circuit 

101 (shown in FIG. 1) to memory block 120. Normal data 35 It should also be appreciated that, in accordance with the 

(normal Din) from input shadow 101 is coupled to a data present invention, many of the components of system 100 

input (Din) of memory block 120 via a muUiplexer 302. are multi-functional, in that they are used in testing of 

Address interface 202 receives memory addresses from memory block 120 as well as the testing of input shadow 101 

input shadow 101 (Norm ADDRin) and couples Norm and output shadow 102. For example, in the case of a prior 

ADDRin to an address input (ADDR) of memory block 120. 40 art memory block which does not implement the capability 

Control interface 203 receives normal control signals from of isolated shadow logic testing, components such as 

input shadow 101 which indicate, for example, whether the address generator 303, BIST data generator 301, control 

pending operation is a read or write. The normal control signal generator 306 are required in any event for conven- 

signals are coupled to memory block 120 via a multiplexer tional built in self testing. The present invention thus derives 

305. Data from memory block 120 is received from a data 45 it efficiency, in part, from the fact that these types of 

output (Doul) and is coupled to output shadow 102 by a components are not "duplicated" to provide the ability to test 

multiplexer 308 within data output interface 204. shadow logic. As described above, data input interface 201, 

During, testing of memory block 120, BIST data genera- address interface 202, and control interface 203 function in 

tor 301 generates test data (Test Din) ba^d on inout from a n both testing memory block 120 and testing input shadow 

external built in test" coairoiler. Test Din is formatted h v 50 1^1 and output shadow 102. 

BIST data generator and coupled to memory block 120 via For example, data comparator 307 functions during the 

miiltiplexer 302. At^c\re.^f^ ^^npcatrtr 303 generates test testing of input shadow 101 by capturing normal Din 

address information (Test ADDRinl based on input from t^ e received from input shadow 101 and scanning out the 

external BIST coptroller. Test ADDRin is formatted by capnired data via scan chain line 180c. Data comparator 307 

address generator 303 and is coupled to memory block 120 55 also functions during the testing of memory block 120 by 

via multiplexer 304. C9ntrol signal generator 306 generates comparing Dout with expected data from line 210. This dual 

a test control signal (test control in) based on jnpiit< fr ^m thp use functionality helps reduce the total number of gates in 

external BIS T controller . Test control in is formatted by the integrated circuit, thereby conserving silicon area to 

control signal generaiorT06 and is coupled to memory block reduce overall cost. As such, the wiring and circuit pathways 

120 via multiplexer J^5 . Data is subsequently read from 60 used for memory built-in self testing are, to the greatest 

memory block 120 to data comparator 307 via multiplexer extent possible, reused for shadow logic testing. In so doing, 

308 and line 350. Data comparator 307 ' g^pipare<^ the data the multipurpose-purpose nature of the circuits of the 

read from memory block with expected data from line 210. present invention provide for testing shadow logic and 

This comparison determines whether memory block 120 testing the memory while requiring little more than what is 

passes or fails the test. The results of the comparison can be 65 required to perform a conventional memory built-in self test. 

retrieved (e.g ., scanned out) from data comparator 30 7 via It should be appreciated that the circuitry of the present 

scan chain l80c. invention provides its benefits and advantages without 
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degrading the performance of the memory array or the In step 403, test addresses are provided via the address 

shadow logic. No additional delays and no additional generator 303 of the address interface 202. As described 

latency is imposed upon any of the outputs of the memory above, test addresses (e.g., test ADDRin) are provided to the 

array or the shadow logic, in comparison to the prior art. address generator 303 where they are formatted for and 

It should also be appreciated that the term "test collar'* as 5 subsequently provided to memory block 120. 

used herein refers to that logic coupled to and surrounding '° step 404, test data are provided via the BIST data 

a memory array (e.g., DRAM, SRAM, etc.) which is generator 301 of the data input interface 201. As described 

required to test that specific memory array. Other such terms ^^^t data (e.g., test Din) is provided to the BIST 

include "wrapper", "test wrapper", "collar", etc. generator 301 where it is formatted for and subse- 

Thus,atestcollar(e.g., test collarllO)in accordance with l"^""'^^ P^°^^^^^ "'""^^^ 120 or data comparator 

the present invention provides sufficient accessibility to , " ^ne u • . 

allow one testing methodology for the non-memory ele- ^^^P "^^^^ ^^^^ ^"^^^^ "^^^ "^^^^^^y ^^^^^^ 
ments of an integrated circuit and a different testing meth- 

odology for the memory elements of the integrated circuit. ^° ?^^P ^^^^ ^^^^ ""^^^ ^^^^ memory block 120. As 

The circuit pathways which make the collar accessible for described above, the test data read from memory block 120 

memory BIST (e.g., circuit pathways for shifting/scanning ^ compared against the test data provided by BIST data 

test signals in and out of the integrated circuit) are used to generator 301. 

provide the same accessibility for shadow logic testing. For 1° step 407, if the test session is complete, process 400 
example, the logic elements (e.g., multiplexers, switches, proceeds to step 408 where the data comparator 307 is 
etc.) which switch a DRAM integrated circuit into and out checked to determine whether the memory block passed or 
of DRAM test mode are used for switching the integrated f^Hcd the test. If the test session is not complete, process 400 
circuit into and out of shadow logic test mode. This char- proceeds back to step 403, and steps 403 through 406 are 
acteristic is very advantageous in the case of an integrated repeated. Thus, as shown by process 400, an entire sequence 
circuit which combines processor-type logic elements (e.g., memory locations can be written and read before check- 
arithmetic logic units, accumulators, etc.) with memory-type ing for ^ pass fail indication, or aUernatively, only a certain 
elements (e.g., DRAM memory arrays) and which embeds number (or even a single) of memory locations can be tested 
the memory-type elements deep within the stmcture of the and checked immediately thereafter. The particular method 
integrated circuits without a clear means of access (e.g., chosen depends upon the requirements of the particular 
accessibility to external pins of the integrated circuits), implementation (e.g., testing an entire memory array and 
Referring now to FIGS. 4A, 4B, and 4C, flowcharts of the ^° checking for the existence of an error any where in the array, 
steps of a memory BIST process 400, an input shadow test ^^^^^^g ^ particular memory location), 
process 430, and an output shadow process 450 are respec- Referrmg now to FIG. 4B, the mput shadow test process 
lively shown. Process 400 shows the steps of a typical begins in step 431, where circuit 100 of FIG. 3 is 
memory BIST process in accordance with the present configured for input shadow testing. As described above, 
invention, as executed by in integrated circuit. Process 430 ^^^^ i°P"^ interface 201 is configured to couple normal data 
shows the steps of a typical input shadow test process in (^ g ^ Normal Din) from input shadow 101 to data compara- 
aocordance with the present invention, as executed by an Address interface 202 is configured to couple 
integrated circuit. Similarly, process 450 shows the steps of addresses (e.g.. Norm ADDRin) from input shadow 
a typical output shadow test process in accordance with the ^ address generator 303. Control interface 203 couples 
present invention also as executed by an integrated circuit. Normal control in from input shadow 101 to control signal 
It should be appreciated that process 400, process 430 and generator 306. 

process 450 are examples of one implementation of the step 432, test data is provided to the input shadow via 

method and system of the present invention. As such, many scan chain 180a. 

variations and optimizations are possible, as according to the In step 433, data from input shadow 101 is captured by 
particular use contemplated (e.g., SRAM device, DRAM data comparator 307, address generator 303, and control 
device, etc.). It should also be appreciated that process 400, signal generator 306 of the test collar 110. 
process 430, and process 450 are may be executed In step 434, the captured test response data is scanned out 
sequentially, as the integrated circuit initializes itself for from test collar 110 (e.g., data comparator 307, address 
operation. There are no limitations regarding any particular generator 303, and control signal generator 306) and ana- 
order in which the processes are executed. lyzed to determine whether the logic portion of input 

Referring to FIG. 4A. the memory BIST process 400 shadow 101 passes the test, 

begins in step 401, where an integrated circuit incorporating As shown by step 435, steps 432 through 434 are repeated 

a circuit in accordance with one embodiment of the present until the test session is complete, and process 430 thereafter 
invention (e.g., circuit 100 of FIG. 3) is configured for 55 ends in step 436. 

memory BIST. As described above, each memory block Referring now to FIG. 4C, the output shadow test process 

(e.g., memory block 120) of the integrated circuit is con- 450 begins in step 451, where circuit 100 is configured for 

figured for testing by configuring data input interface 201, output shadow testing. As described above, data output 

address interface 202, and control interface 203 to respec- interface 204 is configured to couple a test vector directly to 

tively couple test data, test addresses, and test control signals the output shadow. 

to the memory block 120. The data output interface is In step 452, test data is scanned into data comparator 307 

configured to observed and capture the output of memory of data output interface 204 via scan chain 180c. 

block 120. Iq step 453^ ^^e test data is provided to the output shadow 

In step 402, all memory BIST circuitry (including data 102 and the response of output shadow 102 is captured using 
comparator 307 of data output interface 204 and other 65 the registers of scan chain 180rf, As described above, data 

components 201, 202, and 203) are initialized to a known comparator 307 couples the test data directly to output 

state. shadow 102, having bypassed memory block 120. 
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In step 454, the captured test outputs are scanned out via 4. The circuit of claim 1 wherein the test collar further 

scan chain ISOd and analyzed to determine whether output comprises: 

shadow 102 passes the test. an address interface coupled to receive an address input 

As shown in step 455, steps 452 through 454 are repeated from the shadow logic and provide the address input to 

until the test session is complete, and process 450 thereafter 5 an address generator, the address interface configured 

ends in step 456. to provide an isolated test of the shadow logic by 

It should be noted that processes 430 and 450 would scanning out the address input received from the 

normally take place simuhaneously. In such a case, steps 431 shadow logic after the address input propagates through 

of FIG. 4B and 451 of FIG. 4C would occur simultaneously. the shadow logic. 

In addition, since scan chains 180a-180i are linked, steps 5. The circuit of claim 4 wherein the address interface is 

432-434 occur concurrently with steps 452-454. coupled to receive a test address and couple the test address 

Thus, the present invention provides a circuit for testing ^ the memory block to provide an isolated test of the 

both the shadow logic and the memory of a semiconductor memory block. 

integrated circuit without incurring a large silicon area ^- The circuit of claim 1 wherein the test collar further 

penalty. The circuit of the present invention provides the comprises: 

ability to perform isolated testing on the shadow logic and a control interface coupled to receive a test control input 

performs isolated testing on the memory. In addition, the from an external circuit and couple the test control 

circuit of the present invention efficiently provides these input to the memory block to provide an isolated test of 

capabilities without incurring excessive silicon area penal- the memory block. 

ti^s. 7. A semiconductor integrated circuit having a shadow 

The foregoing descriptions ofspecific embodiments of the logic, a memory block, and a built in test circuit for 

present invention have been presented for purposes of performing shadow logic testing and memory block testing, 

illustration and description. They are not intended to be comprising: 

exhaustive or to limit the invention to the precise forms a memory block for storing data; 

disclosed, and obviously many modifications and variations a shadow logic coupled to the memory block, the shadow 

arc possible in light of the above teaching. The embodiments logic for interfacing the memory block with external 

were chosen and described in order to best explain the circuitry by providing data inputs from the shadow 

principles of the invention and its practical appUcation, to logic to the memory block and providing data outputs 

thereby enable others skilled in the art to best utilize the fi-om the memory block to the shadow logic; and 

invention and various embodiments with various modifica- ^ test collar coupled between the memory block and the 

tions as are suited to the particular use contemplated. It is ^^^^^^ ^^^^^ ^^^^^ ^ ^^-^^ ^^^^ 

intended that the scope of the invention be defined by the f^om the shadow logic and to receive the data 

Claims appended hereto and their equivalents. outputs from the memory block, the test coUar provid- 

What is claimed is: , . . . ing a first test input to the shadow logic and capturing 

1. In a semiconductor integrated cucuit, a built m test , ^.^^ output from the shadow logic independent of 
circuit for performmg shadow logic testmg and memory ^^^^^ ^^^^^ ^^e test collar providing a second 
block testmg, comprising: ^^st input to the memory block and capturing a second 

a test collar coupled between a memory block and a test output from the memory block independent of the 

shadow logic, the test collar coupled to receive data shadow logic. 

inputs from the shadow logic and to receive data g. The circuit of claim 7 wherein the test collar further 

outputs from the memory block; comprises: 

the test collar providing a first test input to the shadow a data input interface coupled to receive the data inputs 

logic and capturing a first test output from the shadow from the shadow logic; and 

logic independent of the memory block; and ^ ^^^^ ^^^^^^ interface coupled to receive the data inputs 

the test collar providing a second test mput to the memory 45 from the shadow logic and provide an isolated test of a 

block and capturing a second test output from the data portion of the shadow logic, wherein the data 

memory block mdependent of the shadow logic. inputs from the shadow logic are scanned out as the first 

2. The circuit of claim 1 wherein the test collar further test output. 

comprises: 9, circuit of claim 8, wherein the data input interface 
a data input interface coupled to receive the data inputs 50 is coupled to receive test data from an external circuit and 

from the shadow logic; provide the test data to the memory block, the data output 

a data output interface coupled to receive the data inputs interface coupled to read the test data from the memory 

from the shadow logic via the data input interface and block and provide an isolated test of the memory block by 

provide an isolated test of the shadow logic, wherein comparing the test data read from the memory block with the 
the data inputs from the shadow logic are scanned out 55 test data received from the external circuit and by scanning 

as the first test output. out the result of the comparison in order to provide an 

3. The circuit of claim 2, wherein the data input interface isolated test of the memory block, wherein the result of the 
is coupled to receive test data from an external circuit and comparison is scarmed out from the data output interface as 
provide the test data to the memory block, the data output the second test output. 

interface coupled to read the test data from the memory 60 10. The circuit of claim 9, wherein the data input interface 

block and provide an isolated test of the memory block by includes a multiplexer having an output coupled to the 

comparing the test data read from the memory block with the memory block and the data output interface, a first input 

test data received from the external circuit and by scanning coupled to receive the data inputs from the shadow logic, 

out the resuh of the comparison in order to provide an and a second input coupled to receive the test data from a 
isolated test of the memory block, wherein the result of the 65 built-in test data generator. 

comparison is scanned out from the data output interface as 11. ITie circuit of claim 9, wherein the data output 

the second lest output. interface includes a multiplexer having an output coupled to 
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a data comparator and the shadow logic, a first input coupled 
to the memory block, and a second input coupled to the data 
comparator, wherein the data comparator provides either the 
test vector or the data input to the second input of the 
multiplexer. 

12. The circuit of claim 7 wherein the test collar further 
comprises: 

an address interface coupled to receive an address input 
from the shadow logic and provide the address input to 
an address generator, the address interface configured 
to provide an isolated test of an address portion of the 
shadow logic by scanning out the address input 
received from the shadow logic after the address input 
propagates through the shadow logic. 

13. The circuit of claim 12 wherein the address interface 
is coupled to receive a test address and couple the test 
address to the memory block to provide an isolated test of 
the memory block. 

14. The circuit of claim 7 wherein the test collar further 
comprises: 

a control interface coupled to receive a test control input 
from an external circuit and couple the test control 
input to the memory block to provide an isolated test of 
the memory block. 

15. In a semiconductor integrated circuit including a 
shadow logic coupled to a memory block via a test coUar, a 
method for providing an isolated test of the shadow logic 
and an isolated test of the memory block, the method 
comprising the steps of: 

interfacing a memory block to external circuitry using a 
shadow logic; 

providing a first test input to the shadow logic using a test 
collar coupled between the memory block and the 

shadow logic; 

capturing a first test output from the shadow logic using 
the test collar, the first test output captured independent 
of the memory block to provide an isolated test of the 
shadow logic; 
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an address interface coupled to receive an address input 
from the shadow logic and provide the address input to 
an address generator, the address interface configured 
to provide an isolated test of an address portion of the 
shadow logic by scanning out the address input 
received from the shadow logic after the address input 
propagates through the shadow logic. 

19. A built-in-test circuit for an integrated circuit com- 
prising: 

a memory block comprising an array of integrated circuit 
memory cells; 

input shadow logic for supping signals to said memory 
block; 

output shadow logic for receiving signals from said 
memory block; and 

a test collar circuit coupled between said memory and said 
input and said output shadow logic, said test collar 
circuit comprising: 

an address generator circuit coupled between said input 
shadow logic and said memory block, said address 
generator circuit comprising a first sequential circuit 
used both for applying addresses to said memory block 
during testing of said memory block and for shifting- 
out test bits captured during testing of a first portion of 
said input shadow logic; and 

an data output interface circuit coupled between said 
memory block and said output shadow logic, said data 
output interface circuit comprising a second sequential 
circuit used both for receiving test data from said 
memory block during said testing of said memory 
block and for shifting-in test bits for application to said 
output shadow logic during testing of said output 
shadow logic. 

20. A built-in-test circuit as described in claim 19 wherein 
said lest collar circuit further comprises a data input inter- 
face circuit coupled between a second portion of said input 
shadow logic and said memory block, wherein aid second 



providing a second test input to the memory block using ^ latch circuit of said data output interface circuit is also for 



the test collar; and 
capturing a second test output from the memory block 
using the test collar, the second test output captured 
independent of the shadow logic to provide an isolated 
test of the memory block. 

16. The method of claim 15, further including the step of: 
coupling the memory block to the shadow logic by 

providing data inputs from the shadow logic to the 
memory block and by providing data outputs from the 
memory block to the shadow logic via the test collar. 

17. The method of claim 16, wherein the test collar further 
comprises: 

a data input interface coupled to receive the data inputs 
from the shadow logic; and 

a data output interface coupled to receive the data inputs 
from the shadow logic via the data input interface and 
provide an isolated test of a data portion of the shadow 
logic by comparing the data input with a test vector 
received from an external circuit. 

18. The method of claim 16, wherein the test collar further 
comprises: 



shifting-out test bits captured during testing of a second 
portion of said input shadow logic. 

21. A built-in- test circuit as described in claim 20 further 
comprising a bypass line coupled between said data input 

45 interface circuit and said data output interface circuit for 
bypassing said memory block during said testing of said 
second portion of said input shadow logic. 

22. A built-in-test circuit as described in claim 19 wherein 
said data output interface circuit further comprises a data 

50 comparator circuit coupled between said memory block and 
said second sequential circuit, said data comparator circuit 
for comparing data during said testing of said memory 
block. 

23. A built-in-test circuit as described in claim 19 wherein 
55 said testing of said first portion of said shadow logic and said 

testing of said output shadow logic are both performed 
independent of said memory block. 

24. A built-in-test circuit as described in claim 19 wherein 
said testing of said second portion of said shadow logic is 

60 performed independent of said memory block. 
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